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Axillary and subclavian vascular injuries consti-
tute less than 5% of all vascular trauma but are asso-
ciated with morbidity and mortality rates ranging
from 3% to 33%.1-12 Concurrent brachial plexus
injuries contribute greatly to the morbidity rate of
thoracic outlet vascular trauma.1-12 The purpose of
this study was to review the presentation, manage-
ment, and outcomes of axillary and subclavian vas-
cular injuries to determine prognostic factors and
optimal management for such injuries.
PATIENTS AND METHODS
During a 10-year period, 35 patients underwent
surgical intervention for axillary or subclavian vascu-
lar trauma at the Indiana University Medical Center
Trauma Unit at Wishard Memorial Hospital, a
county hospital that is one of two level I trauma cen-
ters in Indianapolis, Ind. Patients with penetrating
or blunt trauma were included in this study; patients
with iatrogenic injuries were excluded. Cases were
retrospectively evaluated for the cause of injury, pre-
sentation, physical findings, method of diagnosis,
associated injuries, surgical intervention, postopera-
tive course, functional assessment, and outcome. 
Most patients were male (n = 29) and young,
with a mean age of 28 years (range, 15 to 67 years).
The wounding source was a gunshot blast in 19
patients, stab wound in 9, and blunt trauma in 7. A
total of 46 thoracic outlet vessels, including 30
arteries and 16 veins, were injured in the 35 patients.
Axillary injuries involved the axillary artery in 7
patients, both the artery and vein in 8 patients, and
only the axillary vein in 2 patients. Subclavian
injuries involved the subclavian artery in 12 patients,
the artery and vein in 3, and only the subclavian vein
in 3. The mean Injury Severity Score was 19 for sub-
clavian injuries and 11 for axillary injuries.
Of the 30 patients with an arterial injury, 12
patients presented with absent pulses, whereas 13
patients had normal pulses. The remaining 5
patients had diminished pulses (Table I). Palpable
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radial or ulnar pulses were noted in 27% of the
patients with an axillary artery injury (n = 15) and
60% of the patients with a subclavian artery injury (n
= 15). Pulsatile bleeding was noted in the emergency
department in 11 patients. Bleeding was associated
with axillary and subclavian injuries in 40% and 33%
of cases, respectively.
Seven patients, all with subclavian injuries, pre-
sented with severe hypotension and were taken
immediately to the operating room after the initial
assessment. One of these patients underwent thora-
cotomy with aortic cross-clamping in the emergency
department before going to the operating room.
Three patients with pulsatile arterial bleeding and 4
patients with absent pulses were taken to the operat-
ing room without preoperative angiography. 
Twenty-one patients underwent biplanar angiog-
raphy in the radiology department before surgery to
help identify the injury and localize the site of injury
to aid in planning the surgical exposure. These radi-
ographic studies were ordered because of diminished
or absent pulses in 8 patients, expanding hematoma
or bleeding in 3 patients, and an injury in close prox-
imity to a major vessel in 4 patients. Six patients had
either a brachial plexus injury (n = 3) or apical cap-
ping (n = 3) on chest radiography, suggesting a pos-
sible vessel injury. Four patients were found on arte-
riography to have an arterial injury with no indication
of injury other than vessel proximity. Nineteen of the
21 arteriograms obtained were abnormal; abnormal-
ities included an intimal flap occupying greater than
50% of the lumen in 8 patients, extravasation in 5
patients, a pseudoaneurysm in 3 patients, an arteri-
ovenous fistula in 2 patients, and an arterial occlusion
in 1 patient.
Venograms were obtained for 7 patients in con-
junction with arteriography when arteriograms did
not account for the clinical findings of hematoma or
bleeding or at the discretion of the interventional
radiologist or vascular surgeon. In 4 patients, the
venogram was normal; in 2, extravasation was visible;
and in 1, several intimal irregularities were noted.
The 2 patients with a normal arteriogram had an axil-
lary vein injury demonstrated on venography to
account for an expanding hematoma. Noninvasive
duplex scanning was not used preoperatively because
of bony prominences that interfered with imaging.
Concomitant nonvascular remote injuries occurred
in 32 patients. None of these injuries contributed sig-
nificantly to the morbidity rate. No deaths occurred as
Table I. Thoracic outlet vascular trauma
Artery* Vein*
Presentation Axillary Subclavian Axillary Subclavian Total
Palpable pulses 4 9 NA NA 13
Absent pulses 8 4 NA NA 12
Diminished pulses 3 2 NA NA 5
Bleeding 5 4 3 2 11*
Hypotension 0 6 2 2 7*
Brachial plexus injury 4 2 3 1 7
Nerve injury† 5 1 4 1 8
*Includes arterial injury alone, venous injury alone, and both arterial and venous injury.
†Nerve injury was considered to be damage to a solitary cord of the brachial plexus.
NA, Not applicable.
Table II. Method of repair for thoracic outlet vascular trauma
Axillary Subclavian
Type of repair Artery Vein Artery Vein Total
Primary repair 4 7 5 3 19
Vein graft 10 1 4 1 16
Vein patch 1 0 2 0 3
PTFE graft 0 0 3 0 3
Ligation 0 2 1 2 5
Total no. of vessels repaired 15 10 15 6 46*
*Eleven patients sustained both an arterial and a venous injury. 
a result of concurrent injuries. Medical comorbidity
was not a factor in the older patients. There were 14
patients with fractures: five of the clavicle, two of the
humerus, and the remainder in sites remote from the
area of vascular injury. There were 15 brachial plexus
injuries in this series. Axillary and subclavian vascular
injuries had associated nerve injuries in 71% and 17%
of cases, respectively. Five patients had a hemothorax
or pneumothorax. There were two lung parenchyma
injuries noted, and extensive soft tissue injury was pre-
sent in 2 patients. 
RESULTS
Eleven injuries to the right subclavian vessels
were approached by median sternotomy in 5
patients and a supraclavicular incision in 6 patients.
Five left subclavian injuries were approached via
anterior lateral thoracotomy with supraclavicular
extension and partial median sternotomy. In the
remaining 2 patients, a left supraclavicular incision
was used. All axillary injuries were approached
through incisions directly overlying the vessel, with
proximal control gained above the clavicle for severe
arterial bleeding.
Arterial repair was accomplished by primary anas-
tomosis in 4 axillary and 5 subclavian arteries,
reversed saphenous vein graft in 10 axillary and 4
subclavian vessels, polytetrafluoroethylene (PTFE)
interposition graft in 3 subclavian vessels, and vein
patch angioplasty in 1 axillary and 2 subclavian ves-
sels (Table II). One subclavian artery was ligated
because the patient was too hemodynamically unsta-
ble; he died 2 days later with a viable hand. Venous
injuries were repaired with primary repair in 7 axillary
and 3 subclavian vessels, interposition vein graft in 1
axillary and 1 subclavian vessel, and ligation in 1 sub-
clavian and 3 axillary veins. Concurrent forearm fas-
ciotomies were performed in 2 of the 4 patients who
had vein injuries ligated. Primary nerve repair was
performed in 4 patients. Bony fixation was required
in two limbs. There were five pneumohemothoraxes
that required chest tubes. One of the injuries to the
lung parenchyma required staple closure, whereas the
other was treated nonoperatively. Seven patients
underwent additional surgery for remote concomi-
tant injuries. The estimated mean blood loss associat-
ed with subclavian and axillary vascular injuries was
1700 and 4900 ml, respectively.
There were two deaths. One patient who under-
went thoracotomy in the emergency department
died in the operating room after massive blood loss
from a subclavian vein injury. The other patient had
a subclavian artery injury and died 2 days postoper-
atively from anoxic brain injury and a cerebellar
infarct, presumably as a result of prolonged preoper-
ative hypotension. Both of these patients arrived in
the emergency department in extremis. 
Perioperative complications included two superfi-
cial wound infections. One patient with a subclavian
artery and vein injury from a gunshot wound devel-
oped compartment syndrome in his hand and fore-
arm. This patient had undergone ligation of his sub-
clavian vein and a vein graft to restore flow through
his subclavian artery. The total ischemic time before
restoration of arterial flow was less than 6 hours. The
patient developed compartment syndrome 2 days
postoperatively. Flow was documented through the
subclavian artery on Doppler pressure studies. The
patient underwent fasciotomies of his hand and fore-
arm and subsequently did well. At a follow-up visit 1
month postoperatively, he had palpable pulses and
full neurologic function in his arm. One arm was
amputated secondary to extensive soft tissue and
bony damage. Only after the successful arterial repair
did it become evident that the soft tissue and bony
damage was not compatible with a viable arm. 
In the 20 patients with no associated neurologic
injuries, no functional defects were present at dis-
charge from the hospital or on follow-up. In the
remaining 12 limbs (15 patients excluding the two
deaths and one amputation), functional defects were
evident and were very severe in 8 patients. Vascular
injuries did not contribute to any of the functional
deficits. 
Follow-up was extremely poor in this cohort of a
noncompliant inner-city population. Six patients
failed to keep any clinic appointment and were never
seen at our facility again. Twelve patients were seen
only once after the injury, usually 2 weeks to 1 month
after discharge from the hospital. All 12 patients had
palpable pulses. They failed to keep subsequent clinic
appointments. The few patients with long-term fol-
low-up generally were those with poor functional out-
come secondary to brachial plexus injuries. The 12
patients (15 excluding the two deaths and one ampu-
tation) with brachial plexus injuries had follow-up vis-
its extending from 1 to 30 months. Four patients had
severe impairment, 2 patients had persistent weakness
but slow improvement, and 1 patient had complete
loss of function in the affected arm. Two patients with
plexus injuries developed a chronic pain syndrome
that was treated successfully. In the remaining 6
patients with a nerve injury, function gradually
improved, resulting in only mild disability. There were
no identified late complications associated with the
actual repair of the blood vessels. 
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in the emergency setting. Some patients with what
initially appears to be a severe neurologic injury will
recover at least some function over time. In addi-
tion, the authors believe a neurologically impaired
arm is more functional than an artificial prosthesis.
In a recent study, Manrod et al.16 demonstrated sim-
ilarly good outcomes with an aggressive approach to
limb salvage. In addition, there are case reports of
embolization to the brain and lower arm in which
axillary artery injuries are not repaired and subse-
quently develop a pseudoaneurysm.17 Again,
because of the noncompliant nature of our patient
population, we tend to repair most injuries when
they are discovered. 
There are multiple methods available for the
repair of arterial injuries. The methods used in our
series included primary repair, interpositional graft
with vein or PTFE, vein patch angioplasty, or liga-
tion. There were no patients who developed throm-
bosis or other complications related to the vascular
repair, although follow-up was short. In most pub-
lished series, there is a very low rate for thrombosis
or other complications related to the actual vascular
repair. Ligation was used in one arterial injury in
which the patient presented in severe shock and
remained unstable even after vascular control was
obtained. He died 2 days later with a viable upper
extremity. 
The perioperative complication rate in our series
was very low, although blood loss can be substantial,
especially with subclavian injuries. Two patients
developed wound infections responsive to local ther-
apy and antibiotics, and 1 patient developed a fore-
arm and hand compartment syndrome. This patient
had undergone axillary vein ligation and repair of a
subclavian artery injury. Two other patients had pri-
mary fasciotomies after vein ligation. Review of the
literature reveals a similarly low incidence of opera-
tive complications.1-12 Problems for the patient gen-
erally result from associated injuries.1-12 Rates of
morbidity associated with axillary/subclavian vascu-
lar trauma can be as high as 40%.18 This high mor-
bidity rate results primarily from associated nerve
injury, which was the case in 43% of our patients. 
Mortality rates from axillary/subclavian vascular
trauma ranges from 3% to 33% in the literature.1-12 A
total of 354 injuries to the subclavian and axillary
arteries were reported in a literature review we con-
ducted. The 49 reported deaths yield a mortality rate
of 14%.2-12 The mortality rate in the current series
was 6%. In the literature, most deaths were associat-
ed with excessive blood loss before or during opera-
tion. The second most common cause of death was
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DISCUSSION
Axillary and subclavian artery injuries are
uncommon in civilian trauma, comprising only 1%
to 2% of all arterial injuries.4,6 Because of the loca-
tion of the injuries, they present unique problems in
diagnosis and management. Nearly 50% of the
patients with an arterial injury in this study present-
ed with normal pulses. Most patients had soft signs
for obtaining arteriography; in addition to wound
proximity, the soft signs included nerve injury, an
expanding hematoma, and apical capping on chest
roentgenography. The inner-city study population
exhibited such poor follow-up that we continue to
obtain arteriograms to eliminate the risk of a missed
injury; 13% of the 30 arterial injuries in this study
may have been missed with a less-aggressive
approach. Duplex scanning is difficult to perform in
this area of the body due to overlying bone. Doppler
pressure studies may help suggest an arterial injury
but fail to indicate an injury if the pressures are equal
in both extremities, which can occur. Arteriography
helps not only in identification of the injury in this
difficult area of the body but also in planning the
operative approach that will allow the best exposure
for operative repair and proximal control.
There are several important indicators that sug-
gest a subclavian or axillary vascular injury. There is
a 10% incidence of subclavian, axillary, or brachial
artery injury with scapular fractures.13 Brachial
plexus injuries are an important harbinger of poten-
tial vascular injury. In one study, 55% of patients
with brachial plexus injuries were noted to have a
significant vascular injury.14 Another study noted
that only 11% of patients with brachial plexus injury
had associated vascular injury.15 A combined review
of the available literature reveals 204 cases of subcla-
vian and axillary trauma in which brachial plexus
injury also can be assessed. Brachial plexus injuries
occurred in 72 (35%) of these patients.2-12 In the
current series of patients, brachial plexus injury
occurred in 43% of the patients. 
Hawthorn et al.15 advocated nonoperative man-
agement of nonbleeding subclavian artery injury
when associated with a significant brachial plexus
injury in the viable limb because in most series, the
major determinant of arm function has been the
associated nerve injury and not the vascular injury or
repair. The majority of patients with a severe brachial
plexus injury on presentation do not regain the use
of their limb.5,15 Pretre et al.5 recommended per-
forming vascular repair, even in patients with evi-
dence of a significant nerve injury, suggesting that it
is difficult to assess the actual degree of nerve injury
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Dr. James J. Schuler (Chicago, Ill.). I commend the
authors on a series in which the outcome results have been
truly superb. Prolonging a discussion is difficult when the
conclusions and the lessons that can be taken away from
the meeting by the practicing surgeon have invaluable sur-
vival value for both the patients and for the surgeon.
Certain lessons require emphasis, and I think the most
important lesson that we have learned over the years is the
DISCUSSION
an associated head injury. The presence of penetrat-
ing injuries results in a significantly higher mortality
rate.4 All deaths in our series were from penetrating
injuries and were related to excessive blood loss. The
importance of the operative approach is emphasized
by the need to control blood loss as rapidly as possi-
ble. In unstable patients, a median sternotomy or
anterior second intercostal thoracotomy is necessary
to obtain rapid vascular control. Proximal right sub-
clavian lesions are best approached by median ster-
notomy, whereas left subclavian lesions are best
approached by anterior second intercostal thoracoto-
my with supraclavicular extension as needed for
repair. In addition, proximal left subclavian vessels
may require a median sternotomy (trap door) for
successful repair. Supraclavicular incisions should be
reserved for patients with stable nonbleeding subcla-
vian lesions. 
CONCLUSION
Subclavian and axillary vascular trauma occurs
infrequently. The mortality rate associated with
these injuries is approximately 10% to 15%. A high
index of suspicion is necessary to establish the diag-
nosis because injuries often are present in patients
with a normal pulse. Injuries to the brachial plexus
or scapula increase the likelihood of a subclavian or
axillary vessel injury. An aggressive approach to
repair vascular injuries should be undertaken even
with a significant brachial plexus injury because the
functional outcome of the arm cannot be assessed in
the acute setting. In the stable patient, preoperative
arteriography can greatly assist in selecting the prop-
er route for exposure and diagnosing an arterial
injury. Operative repair can be accomplished with a
low morbidity rate. Long-term prognosis is related
more to associated injuries, especially a brachial
plexus injury, than to the actual vascular injury. 
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importance of exposure in terms of treating these injuries.
A number of years ago, Norm Hertzer used the phrase
“results are everything,” and those words rapidly became
one of the more popular and frequently quoted phrases in
vascular surgery. I submit to you that in treating these
injuries exposure is everything, and results are frequently
dependent upon the adequacy of the exposure.
We have found that the use of median sternotomy is
extremely useful as the initial incision with the opportuni-
ty to expand and extend the exposure to either side of the
neck or via trap-door incisions through the left side of the
thorax. For reasons that have never been clear to me,
many people seem to be reluctant to resect the clavicle.
However, we have used this method frequently without
any difficulties and with essentially no significant func-
tional deficits.
I do not know if people realize just how excellent the
results are in this series, but, as was indicated by the pre-
senter, the average mortality rate for these injuries is in the
range of 20% with some series in the 30% range. This par-
ticular series with an overall mortality rate of 6% is without
a doubt one of the best ever presented. Furthermore, the
absence of any functional deficits in the upper extremities,
which reasonably could be attributed to the vascular
repair, is both remarkable and commendable.
There are a number of take-home principles here. In
the series that we published in 1986, we alluded to some
of those principles, which the present authors have
refined. The major principles to which we should adhere
have been discussed in this manuscript. The first is the lib-
eral use of arteriography whenever possible. The second
principle, as I have indicated, is wide adequate extendable
exposure, because exposure is everything in the treatment
of these injuries. The third is the liberal and frequent use
of interposition vein grafts as opposed to prosthetic recon-
struction whenever possible. Lastly, the fourth principle is
the frequent use of the autotransfusion. The authors did
not discuss this in their presentation, but they have indi-
cated this in their manuscript.
I have a few questions. First, have you had any experi-
ence in the nonoperative management of isolated axillary
artery injuries with proximally-based small intimal flaps?
The nonoperative management of these injuries in the lower
extremities has been quite successful, and many authors
have written about the injuries. In our experience, since we
published our initial series in 1986, we have encountered a
couple of patients with isolated injuries that we have fol-
lowed with duplex scanning and with no untoward events.
Second, you indicated in your manuscript that two
patients required prophylactic fasciotomy, one patient
required fasciotomy a day or so after the initial repair, and
all three patients had venous ligation. In our experience,
whenever we have had to ligate a major upper-extremity
vein, we have treated these patients prophylactically with
mannitol, and although the observations are totally
uncontrolled, we feel that this decreases the incidence of
arm swelling and decreases the need for fasciotomy.
Third, what protocol or management suggestions do
you have for the use of exclusion arteriography? I noticed
that in your manuscript whenever a scapular injury was
encountered you performed exclusion arteriography. We
have extended that rule to include any patient who shows
evidence of first or second rib fracture on either side of the
thorax, regardless of the nature of the injuring agent. We
consider those patients candidates for exclusion arteriog-
raphy of vascular injuries.
Fourth, have you done post-discharge duplex scan-
ning to assess the patency rate of your repairs in your
patients who underwent venous repair?
Once again, I would like to thank the society for the
opportunity for discussion, and I commend the authors
on a superb series with excellent outcomes.
Dr. Charles E. Hyre. Thank you, Dr. Schuler. In
answer to your first question regarding isolated axillary
injuries and nonoperative approach, follow-up in our
inner-city population is extremely poor, and we tend to
treat aggressively any injuries that we find because most
patients do not return for follow-up. Most of the patients
in this study actually were never seen once they were dis-
charged from the hospital, which probably answers your
fourth question as well. No follow-up studies were done
on any of the venous repairs. We do not routinely use
mannitol as prophylaxis. Mannitol is used selectively
depending on the staff surgeon’s preference. Our indica-
tions for exclusion arteriography would include scapular
fractures, first or second rib fractures, high suspension
proximity wounds, associates neurologic injuries, and
widened mediastinum.
